At present, there is not a single complex technological facility, which would not have been introduced frequency-controlled electric drive. However, the frequency converters use in oil production for driving electric submersible pumps leads to a deterioration in the electrical energy quality. The current and voltage curve's shape is distorted. The higher harmonic components emerge there. The higher harmonic components can lead to resonance effects in the electrotechnical complex of the electric submersible pump installation. Its consequence is the failure of electrical equipment. The purpose of the article is to study the resonance effects in the electrotechnical complex of the electric submersible pump installation equipped with a frequency-controlled electric drive. The equivalent circuit of the electrotechnical complex with the downhole compensator of reactive power is developed for the oil production. There is a mathematical model on its basis which is used for the resonance effects study. The amplitude-frequency characteristics of the voltage at the complex elements' inputs and the phase-frequency characteristic of the circuit "CL-DRPC-SEM" are given. It is established that at frequencies of 324 Hz and 328 Hz there is an excess of the input harmonic signal by 1.7 and 1.8 units, respectively. It reciprocally happens in the studied electrotechnical complex of the electric submersible pump installation.
INTRODUCTION
Currently, the reconstruction, modernization or construction of a new complex technological facility is not complete without the introduction of frequency converters as part of a controlled electric drive. The frequency converters' use can reduce the consumption of electrical energy at variable load. It can reduce the motor starting currents and optimize the technological process, etc. [1] [2] [3] .
Nevertheless, the widespread introduction of frequency converters, with all its positive aspects, contains negative factors.
The main negative factor is the generation of higher harmonic components of currents and voltages into the network [4] . Higher harmonic components distort the voltages and currents forms in the circuit. It leads to additional inactive power losses [5] and because of it the harmonic resonance can occur [6] [7] [8] [9] . Harmonic resonance at the one harmonics' frequency adversely affects the electrical equipment operation. There is an increase in currents and voltages on individual elements of the electrical network. The transmission efficiency and the electricity use are reduced. The aging processes for insulation of electrical equipment are accelerated. The higher harmonics currents of capacitors are overloaded and, as a consequence, it fails prematurely [10] .
The significant contribution to the study for the influence of higher harmonics on the operation modes in the electrical network is made by Abramovich B. N., Zhezhelenko I. V., Zhelezko Y. S., Kuznetsov E. M., Rozanov Y. K., Tonkal V. E., Shidlovsky A. K., Shreiner R. T., Haczevsky K. V., Arrillaga D., Bradley D., Boger P., Thompson M., Fucks Ev. and others. The authors consider the issues of modeling and calculations of electrical networks with the higher harmonics and analysis of higher harmonics modes based on the results of measurements and calculations. They also explore the issues of the quality improving for electrical energy.
In the oil industry, frequency converters are used as part of a regulated electric drive to control the main pumping units. They are used in ventilation, air conditioning and water supply systems, for drives of submersible electric centrifugal pumps (ESP).
In the studies [11] the results of experimental researches in the harmonic composition of current and voltage at various points of the electrotechnical complex ESP are given. The recommendations for the electricity quality improving are provided. However, in these studies the influence of higher harmonics on resonance effects in the electrotechnical complex (ETC) of installations for electric submersible pumps with downhole reactive power compensator (DRPC) is not considered. The downhole compensators are used to increase the power factor of ETC ESP and to reduce the active power loss in the conductive elements of the complex. It is a new direction in improving the energy efficiency of oil production facilities [12] [13] [14] . Therefore, it is important to study resonance effects in ETC ESP with a downhole compensator.
II. PROBLEM STATEMENT
Let the installation of an electric submersible pump be equipped with a frequency-controlled electric drive.
XIII International scientific and technical conference "Dynamics of Systems, Mechanisms and Machines" (Dynamics) 5-7 November 2019, Omsk, Russia Frequency control range of the output voltage from the frequency converter is from 35 Hz to 60 Hz, in pitches of 0.1 Hz. The frequency converter generates higher harmonics to the network from the 3 rd to the 25 th , as a part of the control station.
It is required to determine the excess of the input harmonic signal, taking into account the frequency control at the inputs of the electrotechnical complex elements ESP: cable line (CL) and a submersible asynchronous motor (SEM). For the mathematical description of the complex electrical systems, which include ETC ESP, it is advisable to use the method of nodal potentials. This method makes it possible to determine currents and voltages in the considered branches of the elements into the complex through the known potentials of the nodes and the conductivity of the corresponding branches.
III. THEORY
The parameters of the power supply should be taken into account in the study of harmonic resonance in the investigated electrotechnical complex ESP. The influence of the electric power system through the electromotive force (EMF) of the power source E, the input active r in and reactive x in resistance is considered. The equivalent circuit of the investigated electrotechnical complex ESP is shown in Fig. 2 .
The equivalent circuit of the ETC ESP (Fig. 2) by the method of nodal potentials is described by the matrix equations' system: 
where Ẏis an integrated conductivity of the respective branches.
Voltages and currents on the corresponding nodes and branches of the circuit are defined as follows: 
where U i , İ ivoltage and current at i node, branches respectively, i=1..10. The complex conductivity of the branches is determined by the expressions:
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The classical T-shaped equivalent circuit of the transformer is used to describe the processes occurring in the supply transformer. It is the calculated equivalent of energy and electromagnetic parameters [15] .
The P-shaped circuit is chosen as the equivalent circuit of the cable line. During the study, it is assumed that the value of the active transverse conductivity of the cable line is equal to infinity g CL =∞.It is possible due to the use of modern insulation materials and in the consequence of a small conduction current [16, 17] .
There are many equivalent circuits of asynchronous motors and methods of their parameters' identification [18, 19] . A Tshaped equivalent circuit is used to describe the electromechanical processes in a submersible asynchronous motor.
Technical characteristics of the investigated submersible asynchronous motor SEM-I 63-117 М5В5 are in [20] .
IV. RESULTS
The amplitude-frequency characteristics of the input harmonic signal in the nodes of the equivalent circuit for the studied ETC ESP are shown in Fig. 3 . It is in accordance with the expressions (1)- (2) . The curves are obtained for two points of the equivalent circuit: at the input of the submersible asynchronous motor and at the input of the cable line. The phase-frequency characteristic of the "CL-DRPC-SEM" circuit is shown in Fig. 4 . V. DISCUSSION Frequency character (Fig. 3) shows that there is an excess of the input harmonic signal by 1.7 and 1.8 units at frequencies of 324 Hz and 328 Hz, respectively. Therefore, it is necessary to install a sine filter at the output of the control station to suppress the higher harmonic components into the frequency range close to 324 Hz and 328 Hz to avoid dangerous voltage swell on the SEM and CL busses.
The analysis of the phase-frequency circuit's character ( Fig. 4 ) "CL-DRPC-SEM" shows that at the range from 74 Hz to 728 Hz the circuit character is active-capacitive. The circuit character is active-inductive at the range from 35 Hz to 74 Hz and from 728 Hz to 1500 Hz.
VI. CONCLUSIONS 1. The equivalent circuit for the electrotechnical complex of the installation for the electric submersible pump with the downhole compensator of reactive power is prepared. The mathematical model that allows to study the resonance effects in the complex is developed on its basis.
2. The amplitude-frequency characteristics of the input harmonic signal are obtained. Their analysis shows that at frequencies of 324 Hz and 328 Hz there is an excess of the input harmonic signal by 1.7 and 1.8 units, respectively. It is made for the investigated electrotechnical complex of the ESP equipped with a submersible electric motor with 63 kW power.
3. It is necessary to install a sine filter at the output of the control station to avoid dangerous voltage swell at the inputs of the submersible asynchronous motor and at the cable line.
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